Gain-of-function missense mutations in sodium channel Nav1.7 have been linked to small fiber 34 neuropathy (SFN), which is characterized by burning pain, dysautonomia and a loss of intra-35 epidermal nerve fibers (IENF). However, the mechanistic cascades linking Nav1.7 mutations to 36 axonal degeneration are incompletely understood. The G856D mutation in Nav1.7 produces 37 robust changes in channel biophysical properties, including hyperpolarized activation, 38 depolarized inactivation, and enhanced ramp and persistent currents, which contribute to the 39 hyperexcitability exhibited by these cells. We report here that cell bodies and neurites of DRG Sodium channel Nav1.7 is abundantly expressed within peripheral dorsal root ganglion 59 (DRG) and sympathetic ganglion neurons (Rush et al. 2006; Toledo-Aral et al. 1997) and their 60 axons where it is co-expressed with the Na-Ca exchanger NCX2 (Persson et al. 2010). function missense mutations in Na v 1.7 channels have been linked to idiopathic small fiber 62 neuropathy (Faber et al. 2012; Han et al. 2012). Small fiber neuropathy (SFN) is characterized 63 clinically by burning pain and autonomic abnormalities, and anatomically by degeneration of 64 unmyelinated and thinly myelinated peripheral nerve fibers including the loss of distal, intra-65 epidermal nerve fibers (Hoeijmakers et al. 2012a reverse Na-Ca exchange in DRG neurons expressing the G856D Nav1.7 mutation, which may 70 trigger downstream degenerative cascades.
depolarized inactivation, and enhanced ramp and persistent currents, which contribute to the 39 hyperexcitability exhibited by these cells. We report here that cell bodies and neurites of DRG toxicity, and suggest subtype-specific blockade of Nav1.7 or inhibition of reverse NCX as 51 strategies that might slow or prevent axon degeneration in SFN.
Introduction
exchange and calcium overload, we examined the protective effects of inhibition of reverse 133 sodium-calcium exchange in 50 mM KCl and 25 mM 2-DG treated neurons with 0.5 µM KB-
134
R7943. We also examined the effect of omitting Ca 2+ from the medium, together with calcium chelation 135 with 100 µM EGTA. For these studies Nav1.7 WT and G856D-expressing DRG neurons were cultured 136 for 18 days. On day 18, 2-DG and KCl in media (DMEM containing B-27 supplement, NGF, glutamine 137 and other components of regular culture media) were added to Nav1.7 WT and G856D-expressing 138 cultures. In a parallel set cultures with Nav1.7 WT and G856D-expressing neurons, on day 18 these 139 groups were cultured in the presence of 2-DG and KCl in calcium-free DMEM containing EGTA or 0.5 140 μM KB-R7943 for 4 days, with B-27, NGF and other components of regular culture media, to test the role 141 of Ca 2+ in neurite degeneration. 142
Neurite degeneration

143
Adult DRG neurons expressing Nav1.7 wild type (WT) or mutant G856D channels were 144 cultured for 18 days and then subjected to experimental conditions for 4 days. 
255
In G856D-expressing DRG neuronal cell bodies, the peak in R340/380 was significantly higher 256 than that of WT Nav1.7-expressing DRG neuron cell bodies ( Fig. 2A) . WT Nav1.7-expressing 257 DRG neurons exhibited a R Peak value of 0.88±.11 while, for the G856D-expressing neurons, 
Reverse function of NCX contributes to [Ca
+2
] overload in G856D-expressing neurons 283 We found that both neuronal cell bodies and neurites of G856D-expressing neurons 
304
Sodium channels contribute to calcium overload in G856D-expressing neurons 305 We observed that DRG neurons expressing mutant G856D channels exhibited 306 significantly higher stimulated intracellular [Ca 2+ ] levels than WT Nav1.7-expressing neurons.
307
Previous studies have shown that sodium channel activity can contribute to calcium overload and 308 axonal dysfunction under conditions of energetic stress induced by anoxia (Stys et al. 1992 ] i were substantially lower in TTX-treated neurons than in untreated G856D 317 neurons (Fig. 5A) . Quantitative analysis revealed that after stimulation, G856D-expressing 318 neurons exhibited R Peak value 1.91±0.13, whereas in the TTX-treated group the R peak value 319 was significantly lower at 0.54±0.11 (p < 0.01, Fig. 5A ). TTX treatment also significantly (Fig. 6B ), but to a smaller degree than we 336 observed for DRG neurons expressing Nav1.7-G856D. This 30% reduction of peak response of 337 Nav1.7-WT expressing cell bodies is less than the 50% reduction of peak response of Nav1.7-338 G856D expressing cell bodies.
339
The effect of TTX on Nav1.7 WT-expressing neurites is also predicted to have a reduced (Fig 6D) . (Fig. 7A,B) . 8±2 expressing and WT Nav1.7-expressing neurons were cultured for 18 days and then exposed to 50 361 mM KCl for 4 days. We found that under these depolarizing conditions G856D-expressing 362 neurons exhibited 9.8±2 % fragmented/blebbed neurites, while neurons expressing WT Nav1.7 363 exhibited 9.6±2 % fragmented/blebbed neurites (Fig. 7C,D and Fig. 8 ).
364
To explore the possibility that increased sodium influx due to the gain-of-function 365 G856D mutation leads to mitochondrial failure followed by depletion of neuronal ATP, we 366 metabolically stressed WT Nav1.7-expressing and G856D-expressing DRG neurons with 25 mM Na-Ca exchange, on neurite degeneration in 50 mM KCl and 2-DG treated cultures of G856D-398 expressing neurons. We found that inhibition of reverse function of NCX prevented neurite 399 degeneration under these culture conditions (18±3 % fragmented neurites in KB-R7943-treated 400 G856D-expressing neurons versus 30±4 % fragmented neurites in G856D-expressing neurons not treated with KB-R7943; Fig. 9 F,H,I ). WT Nav1.7 neurons incubated with 50 mM KCl + 2-402 DG, 50 mM KCl + 2-DG + EGTA, or 50 mM KCl + 2-DG + KB-R7943 exhibited low (<10%) 403 levels of neurite degeneration (Fig. 9 C,D,E,I ). The Nav1.7 sodium channel is a major focus of pain research due to its preferential expression in 
424
The Nav1.7 channel is co-expressed with the NCX2 sodium-calcium exchanger in 
456
While not excluding a contribution via these other routes, our data point to a role of reverse 457 NCX, triggered by activity of sodium channels, as a contributor to calcium overload in G856D-458 expressing DRG neurons.
459
Our results demonstrate that G856D-expressing neuronal cell bodies exhibit higher high (1:2). Due to this poor selectivity it is difficult to specifically measure Na followed neurites for weeks, we only observed degeneration of neurites when G856D-expressing neurons were challenged with two harsh stressors -extended depolarization produced by 50 mM 497 KCl (which would be expected to depolarize resting potential to -25mV) and inhibition of 498 glycolysis. Neurite degeneration was only observed in G856D-expressing, and not WT Nav1.7-499 expressing, neurons. These observations suggest that the additional influx of Na + through the 500 G856D channels is sufficient to tip the balance of the neurite's ability to prevent degenerative 501 cascades from being initiated following challenge. We suggest that, in vivo, the expression of 502 variant/mutated Nav1.7 channels, in combination with additional stressor(s), initiates a 503 cumulative burden that leads to the onset of SFN symptoms and loss of intra-epidermal nerve for mutant Nav1.7-expressing neurites is significantly higher than that WT Nav1.7 expressing 645 neurons (*p<0.001). Nav1.7 G856D channels compared to WT Nav1.7 channels (*P<0.05). 
